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In order to investigate the ctlects of rotor tip-clearance (ai a highly-loaded axial- 
flow turbine, for application to high-temperature engim.'s, a cold-air test on a single- 
stage axial-flow turbine was conducted with three rotor tip-clearance to rotor blade 
height ratios in the range of 70-110'/; turbine eiiuivalcnt speeds and 1. 4-2.2 turbine 
equivalent total-to-total pressure ratios. The rtidial tip-clearance of the rotor was 
changed by increasing the diameter of the rotor shroud ring, while keeping the rotor 
blade tip diameter unchanged. 

The main results of the test arc as follows; 

1) As the ratio of the rotor tip-clcar;ince incretised. the turbine inlet mass flow 
increased and the turbine adiabatic ciTiciency, based on the turbine torque measured 
by the 1.500 kW-electric dynamometer, decreased. Turldnc efliciency of 85.5',;, 84.2',; 
and 83.0'//. was obtained for 1.5'/, 2.6'/ an 4.2'/;. rotor tip-clearance ratios, at the 
designed equivalent turbine speed and equivalent turbine pressure ratio. 

Cor..;-spo.'.ding ntaxintum turbine efficiency obtained at the designed mean wheel 
.spc'cd-tC" iscntropic velocity ratio was 86.5, 84.7 and 83.8'-; rcs'pecii vely. 

2) Fine measurements of the gas flow state in the turbine stage show that the 
region of blade tip-leakage flow inefliciency extends to the mid-span of flow passage. 
The decrease in the relative outlet flow angle from, the rotor iilades is remarkable in 
the corresponding inefficiency region. 

In a comparison of the pre.sent experimental results with the theoretical and 
emjiirical equations of other authors, the following equation proved foremost in 
describing the rotor blade tip-clearance effect on the turbine efficiency; 
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Aerodynamic Investigation of an Air-Cooled Axial-Flow Turbine 


F‘art II Kotor Kladc Ti|>-Clcarance Effects on Overall Turbine 
Performance and Internal (las Flow Conditions — Experimetal 
Results and Prediction Methods 


by Atsumaaa Yamamoto, Kitao Takahara, Hiroyuki Nouse, 
Fujio Mimuka, Shigeo INOUE and Hiroshi USUI 


In order to investigate the effects of rotor tip-clcarance on a highly-loaded axial- 
flow turbine, for application to high-temperature engines, a cold-air test on a single- 
stage axial-flow turbine was conducted with three rotor tip-clearance to rotor blade 
height ratios in the range of 70-110'/< turbine equivalent speeds and 1.4-2. 2 turbine 
equivalent total-to-total pressure ratios. The radial tip-clearance of the rotor was 
changed by increasing the diameter of the rotor shroud ring, while keeping the rotor 
blade tip diameter unchanged. 

The main results of the test are ns follows; 

1^ As the ratio of the rotor tip-clcarance increased, the turbine inlet mass flow 
increased and the turbine adiabatic efficiency, based on the turbine torque measured 
by the 1500 k\V-eleclric dynamoinetcr, decreased. Turbine efficiency of 85.5',;, 84.2',; 
and 83.0'/; was obtained for 1.5',;, 2.6',; an 4.2%. rotor tip-clearance ratios, at the 
designed equivalent turbine s|)ocd and equivalent turbine pressure ratio. 

Corresponding maximum turbine efficiency obtained at the designed mean wheel 
spccd-to-isentropic velocity ratio was 86.5, 84.7 and 83.8'/< respectively. 

2) Fine measurements of the gas flow state in the turbine stage show that the 
region of blade tip-leakage flow inefficiency extends to the mid-span of flow passage. 
The decrease in the relative outlet flow angle from the rotor blades is remarkable in 
the corresponding inefficiency region. 

In a comparison of the pre.sent experimental results with the theoretical and 
empirical equations of other authors, the following equation proved foremost in 
describing the rotor blade tip-clearance effect on the. turbine efficiency; 
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For multi-stage turbo-machinery with any degree of reaction, the above equation can 
be expressed in general form as follows; 
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where t is the stage number. 
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A>7r =- 


Cfl.ff 




+ — 

(- 
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action TurbincT/ijg 
) (5) 

. »0 
(A-4) 

Kof skey 

0-5Sf) 


«0 
("A-S) • 
Sianca 






<^OSPm.H 


2 £il] fo 


^d.n —C oQ,N + Cdil.k , (^d,r —Cu),h 
iittcL. Coo J -i * jj: *=0><o^^©Jgfi 

Cj,tintm%ii’i-t ^ iK X 

i-i'-So ^(6). (8)X<) X^lT=-^l^nT,^IlTO=^ 

i yh Vto ( Ki4 = >/TjrKljr ^ ) L T. 

a>!t = 71t -7!to 


Ai?r =- 


go.^(-f)y> 

<s“)' (-&;)'“•■«■.» 




^^.2 XlTs 


/^./^ 



V 


^0 1 - ti:^ 


i.<K. § -4 iO:* < . &fSi<OX^<D%i&-t ^ 


Co,jv(-§-) 

^ 7r i7 — —77 [Shut % 4 O-^J 

i ■&0 BiIj;£<O^(9)00Hv^^‘75: SffiiSO ^ — fci >" KifJ 
L T t 4 i) ;?: Oo 

a^“t>'K?}L-cw:^(9)tt— (K k:, 

' *. f Co.At (-g-)yy Cii,/i(-|-)^ ^ 

/■A'aa 1-1 /Vm \ » J- ^ if) ‘ 


505eo/x®/.a;o«^-. i<:(6)o ( } 

L < . ^Hj^U^ClV, seca./ 2 ( ,/A) 

~ = 1 + (2C/,/Ci) cosec 2 a, (12) 

^r =’?ro 


K3) S;(9)K-:?/.x„ 

5^:(8)K:t'biT*a® 2J50:^eo A//yo 

A/It =^^TD{riT = r)To) ^ t:{6)t 

i)>b. 


A^r~-J?y, — — 

(Isd_Yr‘J’‘V j„ 


' ^i/« '' '-f 

4 

(J^Y/JL.v if, 1^®"^ 

tii>0 ^(9)Z>i:Sl[C< b-<r CGTiT 

fiw— *i-0 !?7-( = 0.95~0.8) Tttr^yir $ 4t-^(.0 

T. i m<Di^mx)Kifi-t<o i < 

<Dt3L&x$>i>o tit>b. itCi)K:;fg^-X*iXi txtt 

A^. r=-_~47 (• f 5ArCCi/(,/f)]^sec^a. y 

^ ,i^v it ^xAv 

.V.'' ^ V.2^ 

flC Ci/ (,/<?))« sec* ^..S ] 


(2ia)x ior$>ic 


i 


4 6 6 # 


— 2j?j. (Cfl» yCi) cosec 2 a, 

(>-ta i (0j,= 0.5 ) (13) 

4i-. jsoct^;«ss Q, Ci 

■fcori>*„ 

--^<1 ~^n f 


^D.n 

2 


Q./v ~ 2(^)y^( tana, + tana, )cosa,j„+Q,_jyiana,_;,r ' 

Cl.h-'^ (■^)fl ( ‘ an^s + t anfia ) cos^,,;, + C!o, u I anfi„,g, 

(15) 

®-» , (H=Pm , >^i. cosa, =f',cosa, 


r -V (s\ <=°s 0^,.^ 
CD,H-YtHkc)ti cos’ a, 


cos’^„.R 




Tt;t, Cl 

Cl,Af~2(^)jv( ‘ana, + lana, ) | 

C; , ^ ~ 2 (--)„ ( tan^, + tan^j ) j 
Cm ©Rnist 

iiiT. $ iKXiWfciffttt Cw i 


CSX i)- 

ADr = — - 1- ■^/»tCi,/(j/c)}^sec»g,.A, 

d^V •=' /'^«^* 

• V.2^ 


+ ^*tC/./(f-^c)]asec’^».a / 


-CfiliMi- X 0'9> 

«?}!(£*© S -4 3r A»?r zJig+Kr $ 4o 

i;<^. ^ 4 7>!«>*iS^.^(21)z>>b 

( t = I . ® ) • 

A,,= (C^/(./c^l, s e c’A/ l (±) (22) 

V// > 


jy,T. fl Kot^roS'* o^TTtj^t^-y’o 
(l) Carler^^tt Cw ©S^^i LX. 
C/2* = x^ (-|-)/(a./c) 


(17) c©iiii!r • 

n •-= 0 . 5 

(ID Ainlcy®> tt»©(l/ii LXi(;0»rc*.-^.X 


(B-l) . 
Carter 


■> » ? t> Kjte /J = 0.5 

« 8=025 


(B-2) 

Ainley 


Co^--Dcli-i)y(^yc) 0«) " ^ a=o-25 J ^""=7 

coy)offii«r:^:ii8KfCALX A)?7- z>!3)- 
0)^T^#Xo ter. Ci L.ffiliirtt L^L. Ainley®^«, ^ i> V^LK^ 

Y^(=>1tYL) /?tt®a4 l-X. 

lsr*.5,o 

->J. 4KX4)tti?fiffiT# A)?r ©A^i LX (24) 


A)7r =55- 2>?r/)C Ci/ (j-/c) J cosec 2«,-(-|-) 


■L. it:fl8ifl»Xi) (-J^) (-p^) 

V)Jcosec 2a,.(-^; 5:7^4. -Cto t n«i‘;C3i £= 0.5 i 6© 

((M L. y’a = 0.5 ) (19) K^LX, 4 -3 Xi^^>o t^itt. A//o = 

CxIJ {VTO-nr') y.i = Y* t.(S^LX{#f,yi*r^ 


C#LtS>8 tra LA^ $©$ti!SX$ 4JL4'at;tx 
W.£®T. ®g{0.?‘®itiiS4-$ 4(C X 1/2 (S 

i LX. • 

A)?j-%- 7r^CCi/(.e/r));,co8ec2^.,^(-|-)^ (20) 


Oil) Melrlahl'®\x 


XT. 


“ 4cos,9. '•‘'•a/ 
tixlX, ZJ=»/(4 co8^» ) 

rc.w^-#-*o . 


(25) ' 


Meldaht 


QV) Vavra'‘^ilSJgt § 4: 

c.i=/(ii)cr(i)' 

ttr. /(-j 

4 i©!58arg.sa^ji-c/(l_- : 

i^hS-iXAtiABi^) , 

B = K‘E^is/c)/- . 

C;(t1^X2>o Vavra"^#^!.') 

/} = 0.8) 

, Lakshminara 

\/^X^ i>o 

cz,*=cI(i-yo/(f .V 

(e--0(2 

f = ^ In — ■[ 

** 0.03[(l— coth [ 


A LX. g^-WiX //(i/. 
4 4 It''). 

Ci)t 5= 0 7 cl (-f)/(^- 

|i4) Lakshminarayana i’ 
i^v^x AJ7 = (AP)i.i 

X®ia50A;ti3irx ;• 

- ^ 

(0.7+5'.)-; 


tXi^r^Ao ttr. ^ 
Cl..a{=C(^)V| 
5rfCALA; tor^Ao | 

( 

^(sj)iit©4'c>iXfe#. j 




•• 1. 
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av) Vavra"^tt«.;B-t & 

il© X ;f. A. ¥ - i 7)- C,Sa«6'jK. 

c.*=/(H)cr(|) 

cnx. /C4.4-) 

t tom&xmil^(i^Ky(A .L)==^^f^fC-f{^:(Kii-r^ 
t Rn-t& i(^<omtiot&trL 

B=^K’ieU/c^/^'CI (B-4) 

® Vavra 

lxm^i-i>o Vavra‘*^tt«sji LX / = 0.29 (/T=0.5 . 

« = 0.8) i-4£x\^h^ 

(V) — Lakshmi narayana*®)ttSS»Wt'C^^ Sri? 

\r>X^i,o 

Coi =cl(l-K)/(f j: ^ l-K)/(h^c) 


(B-5) 

Lakshminarayana 


ir ifi XV^iio 

c<7iii;ii^mhA‘Vc. 

n = o.7 

t-c+n-a-z-io 

Lak shini na r ayana 

+ $ 4 K I !j f> $ i-’C. 3 /X /J (induced drag) 

vcM^x. n'/c!^-r ^ i IX X *,H«3.>jr‘i)oiif£n 
<D t ® X ;^ a. +• - E ?J ® r in Sd L >c 
rc X 0 . txx i, 9 - 

Ai:4^x:\^i>c C CXIri iCSivflS t o-T=® r 
i|ii) n^7,-SA\‘“-}<Oif,irix X i>±.E.WA%& 

Yt.m ^ Lakshminarayana lrXif^<0'AX-7^A.Xl^ 

^ K + s; K 


ccx. 


(e^- l)(2.03 + 0.03coth-^) 


0.03[(l- coth ^)+ (l +coth ) 

(27) 

iLX, aiftWK: //(*/j)hs1.4,*®^K: A:=0.5 

i^fi} 

Cm=0.7Cl(-^)/(s9'c) (28) 


‘■“' 7 W7i^ 

cntti^(mSrWU''C CorUhi-t. 

Co,=^B.cl{\y{s^c) 
c cx, 

+ / fh\fk 


(29) 


(30) 


aB» = 


^/(4)(x)/CCi/(,/c-)) 


Cfl* (28) OCfl* (30) OCft, 
= {B + B,)C\ {\)a{s/c) 


(31) 


K 4) Lakshminarayana'®^H^iS(B:T Srfl:i(l^S^*c(A/’)j^ 
A)? = (AP)|,/(AP,)^ i.i£^LTIr^-i7>s. 

- t^^tt5(s:^0 Aijy i±<f^i:4>©r^4oL.;t7)J-3X. 

3t^«so^a5tt4^^go;6-ffi-c <>i4K c i 7>!T ^ -So 
. ^ri^aso^dStt 

A 7t =- (0-7 +7)L ) ' (t)« 


(^n-ihr 


(32a) 

iaCi^r^io ttr. B^tXAoaoB.iH'DCiiic 
Cl,^ = ’?7Ct} 

iftAL;t <,©T4>*o 

<j:+3; 


^.=- 


(-^)(^)''^^L,w<''U^c)J (30a) 


^(M)iifcK-t*/tJ6(l. A(32a)« Cl = VtCl.^ X i) 

A»^„-(n7x /j. ) ’?kC^^(a-^c)j'scc"^. ,,x^>. 

'^’^7"' \i/(/.\» 'A'« 


A(32)iiS: (32b) .V^=Va 

tCSSe ) 0/ni2)=^**o 

A (32b) O (0.7+^))?r(lB.=0©t 0 . 77 ' i 

4 i) . ■(> ©« 

B= 0.7 riT (B-7) 

i Ti c. riAio 

— SitK. 7y = 0.95~0.8 r*i7)‘(> 

«= 0.63~0.4 5 

)? 7 -= 0.85 0(8 &, S= 0.7)7r~0.5 i 4 i) . C 
Xl« Ainley©tf:ao.5 t-a-t .60 -f 7 £ b . AC3 i A 
( U • 2 )©fi=0.5^.t,gti?LA:ffiiA (32a)r 5^ = 
0 t LfcdinMtlrtinLX^ic 
*t'. i^(32a)tt-S*;ti)©S;)S©$fei®^i-4K?j 
( Xfi^09Ttt“g4' - tr>'©t^g®SK: 
^ilS-t& <7>:*^.5tJ®^<!:©ifc«K:t-lA-C. sC (32a)t^ 
©•4tffl^>r>A*ottisi> r*i^-8£5^fi«o) 


(32b) 




B=0.7 (B-5) 

LA.n> c X , tiiiifi t |iiJb]«i'Ci\:eao u <D^>h tj ifc , 

B={Q. 7 +B.) (B- 6 ) 

(32; 

/t'ad y/'U,\2 'A if 


' 15 J d 

iX, AOOf'C i''/TC Lakshtnainarayana lf± — 

(const. ) t t>'^ X if la , Lftii'o "C A£0ti 




as) KofskeyOrKS’-eT'SD^ifl.O)#^ 

Kofskey 0~S f — t -x OiSigtSiRtO Tip O iMlS^ 

Pil^Xi) 

(Ksi.y=iL^IL± 

^uj {KDJ^f 

_ 2 X 9.8 X 426.9 X 0.24 X 288.2X{ 1-(t^^'’’^1 
~ ( 114 X 0.232X 12000/60/ ~ 


( . y°^ 'S = — 0291 

^.,/(( *s) = A.,/t( 2«) = 64.9° 

CCi/(#/c)Jifs= [Ct/(fXc)J2« = 2.07 

(j/c = l.l6) 

is>^ix^(imu=2 .Bn=o) 

A?r=-2flx scc^fi4.9° 

1.54/(0.291)* VA'A 

= -6.18fl(-|-)^ ' (21)' 

±iV;rci-i,^-cA: (n- 6) r>r^3ni/i. -tihh 

B -- 0.7 +//. ^ 0.7 t- 7v/l.2(.^)^/2.07 
=. 0.7 + 5.33y(|^ 


ii‘r»;74o 

AOU^Ci-'t/'-C. iii/J {} Wc9(/i 2/£itt 1 w; < 

TteWT.A Lzi'U. 

U»‘i6«oA^ tX-c4> */.)>(, . 

AC3+A (U • 5) <Oimi(OteiiTtRi$.Xi> 

^ o 

(C) 

SoderOerR*®^. Aiiiann Rogo**)^.|d[ /> < 

4 > <>: 5 1 OJc!)^.-^©:^ 

» i: s'); ® A T b L -C v-> A o 


A,r=-(4.32 + 3a9v/^}(-|-)^ 


A c r fl„ = 0 i -t/id 

A7rf-4.32(-^)^ (32)* 

A (32b) Z). = 0 tLX {Vt = 0.845) 

A,r =- 4.32i,^r (-|-)« =- 308 (A)^ (32b)' 

■4 A. A (21a) Srffli^mx 
^ >7r=- 4.32 3.65 (A)^ (21a)' 

i ^:Ao 

fmi 3 K A (32)' ©ill m'i i Z?. = 0 t L A A (32)‘ 
(32b)'l.-XO'(21-a)'©;i|-l?.*i'.!4i4:-'PZ'o ZZ„ = 0 iLZc3|- 
X < Oo rV'A.s ‘I'T (, A (32b)' />• 
XCB-Xi^io CHtX 0.7i7y = 0.7 X (0.845)* = 0.50 
Acer Carter i /ctt Ai n ley OZZ = 0.5 t ffl/> A 
*^f*>L-l“)C-C*.6 o ZJ.i LT iL±i£.= 7iiKS£L 
/ - e /Ki<-/>-tl-X®j^,a(CA $ 4A>?7- 
Sr^fo ii'-O'Kl.'lri-CWt Zl, =0i L)fc::^iO:XlrsZ: 


*!r — f/ro ■ 


.^iJr 


ACT. 

lififjR'ZciaiSS) T. 

— h ii(9o (S’ AT, 

it Dj-ie h 

AJ?r= 7 ! 

^tkr 


-h. Craig 


A AT/i (1 fta 2 TtP 
•X . ? i> Kfe L©i^'c . 







® 2 yiti I tz (3^ 
^'L, f — e' y 
■S;().C, »)~a) _ 


^ ^ ^ OjaS'NtDg' 


Vt — Vto 


Aik, ^ Ak 


HC.T, Ak irin'm-r^i oifuM(/<* =’(Dt.p * • z^.;, 

T. 4,kr tt (Akk^i-iA\^) 

— I- ffifilio t«> ^ rc , 


A)jj.= — ’ ^jiP -L 

Aikr 


^ra (x)« 


— CraiR (C* I ) 

3ri.fAL*5Ci^'S:tgSf?L/co 


Z7, +^i ’"o 


C v*. 7 5> K-#J (35) 


£k7lT=^~\.hFk - - -^> . , lyro C-y.^r^mj (36) 

/4<*r 

c. t r f* tt W E 3 2 -C/r< « (t .6 X 5 K jE * !) ItA i,/ 4 
V't' X 0‘'&S'jffiZ)R(s 1 - -^ )oB8»-r i. 

#r I 

*0 /Zi t<vc, 

•>.?!> KjteLoii^, 06 AX i)£WjK:iX^«:4*o 


(32)' 

Vr = 0.845) 


A 5_%- 1.5 f* 


A OAllffi 4 0 it^r#^a•c $ *.ii!afC#S;«54, *e 


> i t-/cA(32)' 
= 0 i L/tat 
'A (32b)' ;«: 
'•845)^ = 0.50 
= 0.5 5r>H(^;t 




•y» 7 •? 


■ >- L, j 0.8 

- 1 - ’ ■»• 0 6 






0 







0.02 

I ^ 







1 ■ ■ 

1 0 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 

fi»:f S 1 tfett [ + P* Jrip 


M^B >(7)ig-&(» AJ/r-- (i/A)^ 

<Dtt^ 

A ffi r CO M ic M i I/' A A t fC ••(- A o 

/9, = 43.6° , /9,= 63.5° _ j/c = 1 /i.48 = 0.676 

— = 1.86 

c 

u A .1/ tan63.5°— ian43.6°.. , o 

A(7)x !? = tan-' ( ) = 27.8° 

AttDX !) Ci.R - 2X0.676X( tan43.6°-f tan63.5°) 3.54 
tjj- = 0.85 ( ifstglMi, ) 

ai3tc0PiaiSa;)fl;it =[/k,yy^=^0.50i X i) 

(^)'=^94 

V^=j(^)» = -|x 0.85X3.94 .= 1.67 ) 

ttfiltMifc «i = ( K.3 /{/») = ( 23^44/366.72 ) = 0.634 
( (tJSJAcDCJSco^-t^OjtlbO^ft ) 

T//>a Dr,p=0.556m('*J|IJ(lS). A = 0.0334 m. 

Atir =0 X A X n = 0.00515 X 0.0334 X 1 36 = 0.0234 m' 

A 2 ,/ A = 0.0007 / 0.0334 = 0,021 . 


VT^l, 

= 0.84 , 


= 1 -0.23/(l ) 


, f 190.87 \J ... 

P/l.T.;. - • ~ ~ * \ 533.76 ^ ° 


(rim*,*;*) 
Aea<o tt 


-/) (3 .54/0.676 f sec^27.8° ^ A .. 

CrijT)’ 

— lOlsCi-), , <22)' 

At» X b Mfilj®; 5 096 © (> <0 lA 5f) L t . 

A)?r =s- 0.85*flC 3.54/0.676]cosec(2x27.8°)(-|-)^ 

= -4.59B(-|-)^ ((aU, Pr=0.5) (20)' 

(B • 1 ) Carter l JJ= 0.5 
AorfX b A br ^^9 (x)« Carter I 


«S1 2' 


iCC^X b Abr=-2-02(f). 


■ 


* '’ ?i 


»firs’rj’-mmsi<fzi9\m'&'i 6 *i-f^ 


( » . 2 ) Ainity : « =- 0.5 

AtJt =-2.0Z{^)^ Ain Icy I 

iKcttxi) A 7 y =-i .7 2 (-|-)^ ' n 

(B *:0 Mflidohl ! fl- 1 /(deog 6 a 6 ‘') 30,56 

Ai?r =-2.26 (i-)^ Meldalil 

( B • •» ) Vavra : 

X = 0.5. /? = 0.8 (/ = 0.29)<Z)i $fl=0.10. 

A>Jy =- 0.<»2(-|-)^ — - Vavra I 

lA. hirl 

Ai?j-= — 0.42>77' “ Vavra 0 

(B*5) L jkshininarayana ;(iJ — 0.7) 

:B=0.7 (Oi: X >) 

/^tjt —~ ZS'i Lakshminarayana 1 

. e* 

(B«6) Lakshminarayana : _ 7^ 

^Oa fl. = 7x{l.86x(-|-)^/U54/0.676))'^* 


' 4 >.scirC, A;( 32 )ii) 

A,r=-{0.7.M.,7(-|-)^}C|)^ 

= — 2.83{ I r- 5.95 J (.j^^’^'^'Skshminarayana Q 

(B*7) Lakshminarayana :( 0= 0.7 ) 7 ^ , = 0) 

XI) 

A ^j. =— 2.04 Lakshminarayana n 

(C* I ) Soderbcrg) Amann . Kogol 

5 ^ (C* 1 ) i I), AOt ~~ 2 '* ^ "■■ Si)clcrbcr(j , 

Amann, Roijo 

( C • 2 ) C raig : 

( ' - ~2^ +<“/^r,p= 1.05 , A Uh = 0.021 
>P^I/Cf1ta2 X I) Ft =0.5 X^x, ^{36)Xt> 
A’?r=-1.59(-|-)^ ..;... Craig 

jy.±olt»*g*tt4^xa3 i'i t/ia 19 KCn^Lfto 


M 

tS- -6 

s 

X 




/ «;( 2 la)' -. fi= 0 . 7 vjr 

A/ ° I 

^ ^ C32b)' : B=0.Vr)} =0.5 


J// 


M k / n - ' I [1{((.'l''<.^c))k (k\ 1 


») S -i ifc (-j^-)fl (-^L5. 






(H-2) Ainl.y : /i=-0.5 

A?;t = — 2.02 (— )^ Ainiey I 

iKccxi) A)?y =-i.7 2(-|-)^ * n 

(B*:J) Mcldahl : B= 1 /( 4 Ci.sfi3.5") =0.56 

sK:a^XI> A)7r=-2.26(.|-)^ Meldahl 

( B • 4 ) Vavra 

X = 0.5. /{ = 0.8 (/ = 0.29)®<!: 8 B = 0.10. 

^CrJX ^ A)?7 - =- 0.4 2(-j)^""Vavra I 

tit, ^ et hti 

A)?;- =— 0.42’?r (j)/i ~~ 0 35(|-)^- Vavra B 
(B*5) Lakshminarayana l(B— 0.7) 

^(B-5):a = o.7oti^e^x l> 

Z83 Lakshminarayana I 

(8*6) Lakshminarayana : _ 7 ^ 

^ Oa B. = 7 X { 1.86 X (-j^)^ /( 3.54 / 0.6 76 ))'^^ 


^ ( 32 ) I t) 

A,r=-{0.7.+ 4.17(-|.)^^}(|)^ 

= — 2.83| I 4- 5.95 (A)^---Lakshminarayana B 

( B • 7 ) Lakshminarayana : ( fl = 0.7 . B, = 0 ) 

^crjx tf 

■ ^ ’Jr ~~ 2.04 ■■■ Lakshminarayana n 

(C* I ) Soderbt-rt;. Amann, Roro I 

(C* I ) i If, A^r ~~ 2.1 2 ...., Smlefbcrg , 

Amann , Rogo 

(C*2) Craig ! 

( - ~2^ 4-Pg)r.p= L05 , AL/4 = 0.021 

2 X I) Fi=o.s Xr>x, ^ ( 36 ) j: i) 

A)?r=-L59(i-)^ Craig 

3 i'i t/ia 1 9 


sf — 6- 




"^7 \ \ 

’^/ / ^(21a)':B=0,7;?r 

V / ° I 

-s' / .C'V x'' ^ (32b )'. B= 0.7 17^=0 5 

,f/ s Vy' y 1 


! s(/y 

rv? / 


^ C / X6 I 

“ -2 - -.bci— - W.l, 


B. = 0 


^«3 


& -i it (-|-)fl ,\ 


ftia3 


